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Remarks 

This Reply is responsive to the Office Action dated August 23, 2005. Entry of the 
amendments and remarks submitted herein and reconsideration of the claimed subject matter 
pursuant to 37 C.F.R. 1.1 16 is respectfully requested. 

Status of the Claims 

Claims 22, 23, 25, 26, 29, 33 to 37, 39 and 49 were pending and under examination at the 
time of the Office Action dated August 23, 2005. Claims 22 and 49 have been cancelled. Thus, 
claims 23, 25, 26, 29, 33 to 37 and 39 remain pending and under examination while claims 30 to 
32, 38, and 40 to 46 remain pending but withdrawn from consideration. 

Amendments to the Claims 

Claim 23 has been amended so that it is now an independent claim. Claim 23 has also 
been amended to indicate that the polypeptide is isolated. Pending claims 25 and 39 and 
withdrawn claims 40 to 42 have been amended to be dependent on claim 23. Claim 39 has been 
amended to indicate that agonist or antagonist activity towards a receptor polypeptide of the 
invention is identified by measuring inhibition of chemotaxis. Written support for these 
amendments may be found throughout the specification, for instance, page 3, lines 24 to 26; page 
4, lines 6 to 7; and page 7, lines 10 to 1 1 . No prohibited new matter has been added by way of 
these amendments. 

Rejections Under 35 U.S.C. 112 (first paragraph) 

Claims 22, 25, 29, 33, 34, 36, 37, 39 and 49 were rejected under 35 U.S.C. 112 (first 
paragraph) for alleged lack of enablement. According to the Examiner, Applicants have not 
provided sufficient guidance as to how to make variants of SEQ ID NO: 1 or 14 but which still 
retain the properties of SEQ ID NO: 1 or 14. Applicants respectfully disagree with the 
Examiner's assertion. Applicants note, however, that the Examiner acknowledges that the claims 
are "enabling for polynucleotides encoding a protein of SEQ ID NO: 14 and the portion thereof 
capable of binding ICYP, i.e., SEQ ID NO: 1" (see Office Action at page 2). Applicants further 
note that claim 23 was not rejected by the Examiner for lack of enablement. In the sole interest of 
expediting prosecution, Applicants have cancelled claims 22 and 49 and have amended claim 23 
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such that it is now an independent claim. Claims 25, 29, 33, 34, 36, 37 and 39 are dependent, 
directly or indirectly, on claim 23. As amended, the claims are enabled given the Examiner's 
admission in the August 23, 2005 Office Action. Withdrawal of the rejection of these claims is 
respectfully requested. 

In the Office Action, the Examiner maintains that an assay that screens for functional 
variants of the instant polypeptides by way of measuring relaxation of depolarized-intestinal 
smooth muscle or eosinophil inhibition is not provided or known in the art, but the Examiner 
states that the ability to measure relaxation of depolarized-intestinal smooth muscle or inhibition 
of eosinophil inhibition is not in dispute (see Office Action, page 5, line 15 to page 6, line 2). As 
discussed above, claim 22, which was directed to SEQ ID NO: 1 or 14 and variants thereof 
capable of mediating inhibition of eosinophil chemotaxis, has been deleted for the sole purpose of 
expediting prosecution. Accordingly, the rejection based on this argument is moot. 

Claim 39 has been amended to include the step of measuring inhibition of chemotaxis. 
The Examiner's previous rejection of claim 22 is not applicable to claim 39 because the claim 
does not cover assaying variants of SEQ ID NO: 1 or 14 for activity. Written support for this 
amendment is provided, for example, on page 3, lines 14-15 and on page 7, lines 10-11. Further, 
support for the evaluation of chemotaxis using various cells such as leukocytes, fibroblasts and 
the like, as well as eosinophils was well known prior to the filing date of the present application. 
Applicants have previously noted to the Examiner in the Office Action responses dated July 24, 
2003 and June 7, 2005 that methods of assaying eosinophil chemotaxis were known in the art, as 
evidenced by Sugasawa and Morooka (1992) Recent Advances in Cellular and Molecular 
Biology 3, 223-27. In addition, Applicants herein include as further support Cunningham et al. 
(1991) Science 251, 1233-1236 and Watanabe et al (1985) Japan J. Pharmacol. 39, 102-104. 
Cunningham et al. teach the use of two assays of cell locomotion to assess chemotaxis of NIH 
3T3 fibroblasts, including the use of a chemotaxis chamber device (see page 1234, column 1, line 
22 to column 2, line 2 and endnote 12). Watanabe et al teach the use of a chemotaxis chamber 
device to assay chemotaxis of leukocytes. A skilled artisan could use the methods discussed in 
Cunningham et al. or Watanabe et ah to assay chemotaxis. 

Claims 22, 25, 29, 33, 34, 36, 37, 39 and 49 were rejected under 35 U.S.C. 1 12 (first 
paragraph) for allegedly failing to satisfy the written description requirement. The Office Action 
contends that the claims inappropriately encompass polynucleotides not described in the 
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invention, i.e., sequences from other species, mutated sequences, allelic variants or artificial 
sequences that hybridize to SEQ ED NO: 13 (see Office Action, page 6, lines 10-12). Applicants 
respectfully disagree with the Office Action's assertion and maintain that sufficient written 
support is provided in the application for claim 22 without prejudice or disclaimer. However, as 
stated above, in order to expedite prosecution, Applicants have cancelled claim 22. Claim 23, 
which the Examiner has not rejected under 35 U.S.C. §112, first paragraph and which the 
Examiner has acknowledged meets the written description requirement (see Office Action at page 
7, line 19 to page 8, line 2), has been amended such that it is now an independent claim. Claims 
25, 29, 33, 34, 36, 37 and 39 have been amended, if necessary, to be dependent, directly or 
indirectly, on claim 23. Accordingly, the Examiner's rejection is now moot. 

Reconsideration and withdrawal of the rejections are respectfully requested. This reply is 
fully responsive to the Office Action dated August 23, 2005. Therefore, a Notice of Allowance is 
next in order and is respectfully requested. 

Except for issue fees payable under 37 C.F.R. 1.18, the commissioner is hereby 
authorized by this paper to charge any additional fees during the pendency of this application 
including fees due under 37 C.F.R. 1.16 and 1.17 which may be required, including any required 
extension of time fees, or credit any overpayment to Deposit Account 50-03 10. This paragraph is 
intended to be a Constructive Petition for Extension of Time in accordance with 37 C.F.R. 



If the Examiner has any further questions relating to this Amendment or to the 
application in general, he is respectfully requested to contact the undersigned by telephone so that 
allowance of the present application may be expedited. 



1.136(a)(3). 



Dated: November 23, 2005 

Morgan, Lewis & Bockius LLP 

Customer No. 09629 

1111 Pennsylvania Ave., N.W. 

Washington, D.C. 20004 

202-739-3000 



Respectfully submitted 
Morgan, Lewis & Bockius LLP 
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PLC-7I was inhibited by a factor present in 
these cells (possibly profilin). In response to 
PDCF, tyrosine phosphorylation of overex- 
presscd PLC-7I was associated wich a high- 
er rate of PI turnover than that observed in 
uniransfccced NIH 3T3 cells. However, nei- 
ther the transient increase in concentration 
of cytoplasm icCa 2+ nor the race of synthesis 
of DNA was affected. One interpretation is 
chat activation of PLC-7I might control a 
pathway independent of that leading to the 
synthesis of DNA (17, 75), such as the 
pathway responsible for the reorganization 
of the cytoskelcton. Profilin released from 
membranes after hydrolysis of PIP 2 by acti- 
vated PLC-7I could participate in such a 
response. 
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(.•proline agarose column, dutton with urea, and 
rcnarurarion by dialysis against buffer (5 mM tris, 
pH 7.5, 75 mM KC1, 0,5 mM dithiodircitol, and 
0, 1 mM NaN 3 ). PLC-fl and PLC-p were purihed 
from bovine brain and stored at -70*C (S. H. Ryu, 
K. S. Cho. K.-Y. Lee, P.-G. Suh, S. G. Rhcc, J. 
Biot. Chem. 262, 12511 (1987)]. EGFR from 
A-43 1 cells was prepared by affinity chromatography 
of cell extracts on wheat germ lectin Scpharosc 6 MB 
(Pharmacia) (rf). 
20. Each PLC assay was performed in a final volume of 
100 jil (8, ?). At the end of the incubation, the 
reaction was stopped by addition of 375 til of an 
ice-cold solution of methanol and chloroform (2:1). 
Further lipid extraction was performed by addition 
of 125 uJ of chloroform and 125 ul of 1 M HQ. 
The samples were mixed and cemrifiiged ( 1000,? for 
S min at room temperature), and the top 200 \t.\ of 
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the aqueous phase «qs collected for scinolJiuon 
counting. 

21. All lipids were from Avanri Polar Lipids (Pdham), 
except PIP, (Calbiochem or Boerhinger) and phos- 
phatidyl- inositol 4,5-bisphosphaic <[ J H]PIP,) 
(Amcrsham). Large unilamellar vesicles made of 
PIP 2 mixed with other phospholipids were prepared 
by the extrusion technique [8, 9). The concentration 
of lipid in each mixture was measured by liquid 
scintillation counting of part of the sample after 
extrusion. 
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helpful comments and I. Schlcssingcr for the RTK 
preparation. Supported by NIH grant GM-26338 
(T.D.P.) and a Fellowship Award of the AHA 
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Enhanced Motility in NIH 3T3 Fibroblasts That 
Overexpress Gelsolin 

C. Casey Cunningham, Thomas P. Stossel, David J. Kwiatkowski 

Increasing the content of the aeon-binding protein gelsolin in cultured mouse 
fibroblasts by up to 125 percent by gene transfectzon proportionally enhanced the rate 
ac which the cells migrated through porous filters toward a gradient of serum and 
closed a wound made on a confluent monolayer of cells in a tissue culture dish. These 
results provide direct evidence that gelsolin, which promotes both actin assembly and 
disassembly in vitro, is an important dement in fibroblast locomotion and demonstrate 
that the manipulation of intracellular machinery can increase cell motility. 



EUKARYOTIC CELL LOCOMOTION DE- 
pends on the assembly and disassem- 
bly of actin polymers (1), a process 
regulated by acrin-binding proteins (2), One 
such protein implicated in the control of this 
acrin assembly cycle is gelsolin, because ic 
can affect cither actin assembly or disassem- 
bly and because calcium and polyphospho- 
inositides, which are intracellular signals, 
control its interactions with monomelic ac- 
tin and filamentous actin (F-actin) in vitro. 
In the presence of micromolar Ca 2+ , gelso- 
lin promotes the rapid disassembly of F-ac- 
tin by severing actin filaments, after which it 
remains tighdy bound to the ends of the 
fragmented filaments (3). Membrane poly- 
phosphoinositides, phosphatidylinosicol 
4-phosphatc (PIP) or phospharidylinositol 
4,5,-bis-phosphatc (PIP 2 ), dissociate gelso- 
lin bound to the ends of F-actin, thereby 
generating free filament ends that act as 
nuclei for rapid assembly of monomeric 
actin into filaments (4). Actin filaments with 
ends blocked by gelsolin are therefore po- 
tentially key intermediates for eliciting actin 
assembly at locations where perturbation of 
cell surface receptors causes appropriate 
changes in polyphosphoinositide concentra- 
tions, conformations, or both. The dissocia- 
tion of gelsolin-actin complexes precedes net 
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actin assembly in agonist-stimulated cells 
(5), and gelsolin molecules, bound to short 
acrin filaments, have been seen in electron 
micrographs of cell membranes (tf), provid- 
ing indirect evidence that gelsolin-capped 
actin oligomers may serve as nuclei to pro- 
mote actin polymerization at the cell's edge. 

In a ctll stimulated by chemo tactic agents, 
actin disassembly and assembly increase, 
which accelerates reorganization of the cy- 
toskeleton required for the mechanics of cell 
movement. If the reversible association of 
gelsolin with actin regulated by calcium, 
polyphosphoinositides, and possibly other 
signals is important for the actin curnover 
between assembled and disassembled states, 
then it follows that che gelsolin concentra- 
tion could be rate-limiting for this cycle. 
Furthermore, if gelsolin couples the cycle to 
locomotion through signals generated at the 
membrane, cell translocation could be quan- 
titatively related to cellular gelsolin content. 
The observations we report here support 
this hypothesis. 

To examine gelsolin's role in cell motility 
directly, we permanently transferred NIH 
3T3 fibroblasts with the cDNA for human 
cytoplasmic gelsolin (7) in the (J*actin pro- 
moter-driven expression vector LK444 (#), 
which confers resistance to G418 (9\ and is 
designated LKCG. Selection for G4 18 resis- 
tance yielded a mixed population of cells 
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(hereafter referred to as CGP), chat consti- 
rutively overexpressed varying amounts of 
cytoplasmic gelsolin. As a control we trans- 
rccred another set of cells (NGP) with the 
expression vector alone. Only the CGP cells 
expressed human gelsolin (Fig. 1 A). On the 
basis of immunoblot and UNA analysis, wc 
estimate that native gelsolin normally com- 
prises about 0.1% of the total cell prorein in 
NIH 3T3 ceils and that transfection with 
LKCG raised this amount by approximately 
50% in CGP cells (10). The morphologies 
of parental and transfectcd NIH 3T3 cells 
seen by phase-contrast microscopy were in- 
distinguishable, and rhodamine phalloidin 
staining of the cells did not reveal a differ- 
ence in the organization of F-actin stress 
fibers (Fig. IB) (11). Two-dimensional gel 
electrophoresis of total cell proteins also 
failed to show any changes in global cell 
protein expression. 

Wc used two assays of cell locomotion. In 
one, we measured the migrarion of cells 
across a polycarbonate membrane toward a 
gradient of calf serum (f2). In the second, 
we assayed the rare ar which a wound scored 
in a confluent dish of cells (13) was closed by 
the migrauon of the cells at the edge of the 
wound by measuring the width of die 
wound at the same location through an 
inverted microscope at x 100 magnification 
with a grid reticule in the eyepiece at rimed 
intervals. In both assays the CGP cells trans- 



located faster than untransfected or control 
transfected cells (Fig. 2). In the wound 
closure systems, both control and gelsolin- 
transfectcd cells began to enter the wound 
after a 2-hour lag, after which the rate of 
migration was constant with time. 

To establish if the amount or* gelsolin 
overexpressed could be quantitatively relat- 
ed to motilfty, we repeated the transfection 
by LKCG of NIH 3T3 cells, and this time 
isolated individual clonal lines of resistant 
cells. Quantitative immunoblot analysis ot 
six clonal lines (designated CI to C6) 
showed varying amounts of human gelsolin 
expressed, from a 25% increase up to a 
125% increase above due of the wild-type 
and control-transfected cells (CI, 25%; C2, 
125%; C3, 25%; C4, 90%; C5. 125%; C6, 
50% increase, respectively). No morpholog- 
ic differences were detected in any of the 
lines by light microscopy; rhodamine phal- 
loidin staining revealed no differences in 
actin stress-fiber architecture. Growth rates 
varied slightly among the lines but were not 
related to the level of gelsolin expression. 

All of the clonal lines migrated through a 
membrane in a chemotacric chamber faster 
than control (Fig. 3A), and the number of 
cells migrating correlated with gelsolin 
expression (Fig. 3B). Wound closure rates 
for the clonal lines were also increased in 
comparison with chose for control cells (Fig. 
3C), and this increase was proportional to 




Fig. 1. Expression of human gelsolin in NIH 3T3 cells. 
(A) Immunoblot showing expression of human gelsolin by 
transfectcd NIH 3T3 cells. An autoradiognph of an 
immunoblot in which a monoclonal antibody specific for 
human gelsolin and an ljS I-labeled secondary antibody arc 
used is shown for the cell lines NIH 3T3, NGP (control 
transfectcd cells), and CGP (geisolin-cDNA-transfcacd 
cells). Equal amouncs of total ceU lysatcs were loaded in each 
lane. The lower bands seen are nonspecific and occur incon- 
sistently with this antibody. (B) F-acrin stress-fiber architec- 
ture of trarisfected cells. RhcWamine phalloidin staining for 
F-actin filaments of NGP and CGP cells is shown. 




gelsolin content (Fig. 3D); gelsolin ovcrcx- j 
pression enhanced the rare of migration but 
did not shorten the lag period between 
wounding and the onset of locomotion 
(Fig. 3C). In both assays, the increase in 
translocations! motility of the clonal cell 
lines over control was direcdy proportional 
to their increase in gelsolin content (Fig. 3, 
8 and D). 

Over- and underexpression of proteins in 
cells has been a powerful tool for determin- 
ing the relevance of che particular protein in 
cellular functions. Although such alterations 
in expression of cytoskeletal proteins have 
been used successfully to investigate their 
function in lower eukaryotcs (14), the regu- 
lation, complexity, and cooperativity of 
cytoskeletal interactions can confound 
straightforward interpretations of resulcs, 
particularly in mammalian cells. For exam- 
ple, microinjection of gelsolin, or of gelsolin 
proteolytic fragments, or of the gelsolin- 
related protein villin into cultured cells has 
had inconsistent effects on the gross mor- 
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Fig. 2. Migrauon of gdsoUn-transfccted NIH 
3T3 cells in response to scrum. (A) Chemotacric 
chamber migrauon (12). Calf serum was used as 
the ittractant for 5 x 10 4 cells. The number of 
cells traversing the membrane in 2 hours is shown 
for NIH 3T3, NGP, and CGP cells. (B) Wound 
closure migration rates. After a lag period, the 
cells at either edge of the wound began ro mi- 
grate, and the distance travded from the wound 
margin is shown as a function of time for NIH 
3T3, NGP, and CGP cells. The slope of rhis line 
gives the rate of cell migrarion and was 15 ^ 
hour for 3T 3 and NGP lines and 31 jinVhour for 
CGP. Error bars represent standard errors of the 
mean (SEM) of at least six determinations for 
bodi (A) and (B). 
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phology and accin scrcss fibers of the cells 
(15). We have found chat small increases in 
gclsolin achieved by cransfeccion do not 
derectably aicer the morphology or gross 
acrin organization of fibroblasts, although 
$uch increases appear to enhance the cell's 
ability to remodel actin in response to sig- 
nals inducing locomotion. However, we 



have achieved a much higher level expres- 
sion of cytoplasmic gclsolin in NIH 3T3 
cells in transient transfection experiments 
and have seen resultant disruption of cell 
architecture (Fig. 4) (*6). The deleterious 
effects of too much gelsolin may explain why 
the clonal lines wc isolated did not express 
higher levels of gelsolin, because higher 
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Fig 3. Migration of gelsolin-cransfcctcd NIH 3T3 correlates dirccdy with gelsolin expression. (A) 
Chemotacric chamber migration of the six clonal lines. The results shown are the number of cells 
migrating through the membrane after 2 hours. Error bars are SEM on at least six determinations. (B) 
Relation between the increase In scnim-siimulaced chamber migration and increase in gclsolin content 
in six clonal lines. The values shown are relative increases above control values for both migration and 
gclsolin content. (C) Races of wound closure by five clonal fines. The error bars represent SEM of at 
Icait six determinations. The races of migration were 21 ^m/hour for CI and C3, 27 jjtnVhour for C6, 
32 uWhour for C4, and 35 ^*m/hour for C5. Cell line C2 was lost before this assay was completed. (D) 
Relation between migration rate during wound closure and increase in gclsolin content in five clonal 
lines. The values shown are relative increases above control values for both gclsolin content and rate of 
migration. 




Fig 4. High-level expression of gelsolin in NIH 3T3 cells causes disruption of acrin-ri lament 
architecture. (A) Immunofluorescent staining of iransfecred cells using the monoclonal antibody to 
human gelsolin. Two cells stain brightly, indicating gelsolin overex press ion. (B) Rhodaminc phalloidin 
staining of F-actin filaments in the same cells. A marked reduction of the actin stress-fiber pattern is seen 
in die two transacted cells in this particular field. 
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gelsolin levels could begin to interfere with 
normal basal cellular function, leading to a 
selective growth disadvantage. Thus, there 
may be a relatively narrow range over which 
increased gclsolin would lead to enhanced 
locomotion or other regulated functions. 

In summary, modestly increased levels of 
cytoplasmic gelsolin can enhance the stimu- 
lated locomotion of mouse fibroblasts, and 
this increase in function is proportional to 
the amount of increased gelsolin expressed, 
within the range studied. This is the strong- 
est evidence to date of the importance of 
gelsotfn's role in cellular motility and indi- 
cates that one could engineer cells with 
enhanced chemnracric responsiveness. Such 
cells may be of practical therapeutic use in 
organ grafting or wound healing. 
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insertion of a cONA sequence thar encoded cyto- 
plasmic gclsolin, which was constructed from a 
cDNA for plasma gclsolin by deletion of the signal 
peptide and other sequence preceding the initiator 
methionine of cytoplasmic gclsolin. Transfection 
was performed by calcium phosphate coprecipita- 
don. After a 6- hour, 37*C incubation with the 
calcium phosphate- DNA mixture, the cells were 
treated with 1*0% glycerol for 2 min. After 48 hours 
in growth media, the plates were changed to selec- 
tion media. 

10. The amount of gclsolin was estimated by quantitative 
immunoblotting. Dishes were rinsed twice with phos- 
phite buffered »linc (PBS), and the cell* were then 
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Ivscd in an extraction buiicr (TEB) ( 120 mM piper* 
arino-N./V-bi^Z-ahancsuItbinc acid], 40 mM :V-2- 
hydroxvcthylDipcr^c-iNT-l-cdunaulfonic acid, 20 
mM EGTA, 4 niM MgCI 2l 0.25% ckmycholic acid, 
[% Tricon X-100) plus protease inhibitors (1 cnM 
benzamidine. I mM Icupcprin. and 1 mM aprodnin) 
and scraped off the dish with a rubber policeman. The 
suspension was vigorously vortexed to disrupt the 
cyioskdeal components and spun at 10,00% tor 15 
min at 4°C to pellet the nuclei. The protein concen* 
nations of the supenuuna were determined by the 
method of M. Bradford [Anal. Biechem. 72, 248 
(1976)1, * ld equal amounts of each cell lysatc were 
boiled in denaturing SDS buffer and then separated 
by electrophoresis on a 5 to 1 5% SDS-polyaxrylamide 
gd and transferred to Immobilon-P (MiUiporc, Bed- 
ford, MA) by the method of H. Towbin, T. Scachdin, 
and J. Gordon [Prvt. Nad. Acad. Set. U.S.A. 76, 
4350 (1979)]. The membrane was incubated at room 
cempcfimrc for 1 hour either wiih a monoclonal 
antibody (2 ji^ml) to human gdsolin [D. J. Kwiat- 
kowski, J. Bioi Chm. 263, 138S7 { 1988)] or with a 
1 : 500 dilurion of rabbit antiserum to rat gchotin (17), 
and then with 0.5 u,C/ml of the appropriate 
labeled secondary goat irrumuioglobuiin G (IgC) 
(New England Nuclear, Boston, MA), with washes of 
0.2% Twcen PBS in between. After further washes, 
the membrane was exposed to autoradiograph film for 
up co 12 hours and the film developed. The autocad- 
iogtaph bands were scanned with a laser densitometer 
(LKB Pharmacia, Piscataway, NJ) for quantitation of 
intensity. Wc used known imouna of mouse gclsolin 
or human gdsolin to compare band intensity and 
estimate the amount of native mouse gclsolin and 
xrarufected human gclsolin. Expression of native NIH 
3T3 gclsolin was not changed in the CGP cells. On 
the basis of these calculations and estimates of coral 
cdl protein and acrin concern; wc determined that 
aeon aujuuius for 4% of coral cell protein and gclsolin 
0.1% of total ceil protein in NIH 3T3 ceils, giving a 
molar ratio of gdsolin: acrin of 1:84, and that in the 
cell line C5, for example, this ratio was increased to 
1:37. 

11. F-acrin stress- fiber architecture was visualized by 
modamine phalloidin staining. Cells were plated on 
cover alip5> fixed with 0,1% paraformaldehyde and 
permeabiuzed in acetone it -20*C, and incubated at 
room temperature with rhodaminc phalloidin (50 
U/ml) (Polyscienccs). The ecus were viewed on a 
Zeiss Axioplan microscope equipped for epifluorcs- 
ccncc Two-dimensional gel electrophoresis wa> per- 
formed by Kenunck Laboratories, Madison, WI, 
with 1.0% ampholincs, pH 4 to 8. 

12. Migration through a membrane in response to a 
chemoattractant was assayed with the use of a 
48-wdl chamber (Nudeporc, Pleasantoo, CA) with 
a Sum polycarbonate filter. Cells were trypsinized, 
men counted, and 5 x 10* cells per well were loaded 
in the top wells in media plus or minus serum 
supplementation. The Dotcom wells were similarly 
filled with media with or wichour calf scrum so that 
the cells were exposed to either a gradient, reverse 
gradient. Or no gradient of scrum factors. The 
chambers were incubated for 2 hours at 37"C; the 
membranes were removed and jutiucd and then 
examined with a Zeiss Axiovcn microscope with a 
x 40 objective. The number of cells rhat had migrat- 
ed through the membrane was counted for each 
wdl. 

13. A. Kupfer, D. louvard, S. J Singer, Proc. JW. 
Acad. Set. U.S.A. 79, 2605 (1982). 

14. Elimiruiiuii of cyroskclctal genes in lower eukary 
otes has provided strong evidence for involvement 
or noninvolvement of the gene products in certain 
ceil functions [D. A. Knecht and W. F. Loomis, 
Scum 236, 1081 (1987); A. De Lozanne and J. A. 
Spudich, ibid., p. 1086; A. A. Mocgel and W. Widtc, 
Dev. Caw. 9, 531 (1988); E. Andre rt a/., J. Celt 
dial. 108, 985 (1989); D. Weasels e< «/., Dev. Dioi. 
128, 164 (1983)]. 

15. J. A. Cooper et J. C*>it Riol. 104. 491 (1987); 
A Huckriedc et al. % Cell Motil. Cytoskelewn 16, 229 
(1990); Z. Franck, M. Footer, A. Brccscher, /. Celt 
Biot. 111,2478 (1990). 

16 For this transient expression experiment, the cyto- 
plasmic gdsuliii cDNA was inserted in the vector 
CDM8, and this construct was used to transfect 
NIH 3T3 cells by the DEAF.-dcxtran method [D J. 
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Kwiatkowski, P. A. Janmcy, H. L. Yin, J. Cell Bioi. 
108, 1717(1989)]. Cclb were prepared for staining 
2 days later as described (N). After pcrmeabiliza- 
cion,'cdls were incubnted with monodonal antibody 
(50 ngfml) to human gdsolin, and men with fluo- 
rcsccin-conjugared goat anri-mousc IgG (50 u.g/ml) 
(Cappel Labs, CochranviUc, PA), with washes in 
PBS with 0.2% gelatin in between. After rinsing, the 
cells were incubated in rhodaminc phalloidin (50 
U/ml), rinsed again, and viewed by cpinuorcsccncc. 
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Isolation of Sequences That Span the Fragile X and 
Identification of a Fragile X-Related CpG Island 



D. Heitz,* F. Rousseau,* D. Devys, S. Saccone, H. Abderrahim, 
D. Le Paslier, D. Cohen, A. Vincent, D. Toniolo, G. Delia Valle, 
S. Johnson, D. Schlbssinger, L OberiJ, J. L. Mandel 



Yeast artificial chromosomes (YACs) were obtained from a 550-kilobase region that 
contains three probes previously mapped as very close co the locus of the fragile X 
syndrome. These YACs spanned the fragile site in Xq27.3 as shown by fluorescent in 
situ hybridization. An internal 200-kilobase segment contained four chromosomal 
breakpoints generated by induction of fragile X expression. A single CpG island was 
identified in the cloned region between markers DXS463 and DXS465 that appears 
methylated in mentally retarded fragile X males, but not in nonexpressing male carriers 
of the mutation nor in normal males. This CpG island may indicate the presence of a 
gene involved in the clinical phenotype of the syndrome. 



THE FRAGILE X MENTAL RETARDA* 
tion syndrome is the most frequent 
cause of inherited mencai retardation 
(with an incidence of one in 1500 newborn 
males) (J). The diagnosis is based on the 
presence of a fragile sice on die X chromo- 
some, at Xq27.3, induced in virro by culture 
conditions affecting dcoxynucleotide syn- 
thesis (2). Partial penetrance is observed in 
males and females and varies in different 
sibships, even within the same rimily (J). 
Many hypotheses have been proposed to 
account for the unique characteristics of the 
inheritance of this syndrome. In particular, 
Laird (4) suggested that the fragile site is a 
region of late replication, resulting from a 
local inability to reactivate a previously in- 
active X chromosome, during oogenesis. 
Using pulsed-field gel electrophoresis 
(PFGE), we have recendy obtained data that 
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support an imprinting mechanism, and 
found restriction sites rhat appear methylat* 
ed in males who express the mutation, but 
not in normal males whether or not they 
carry the mutation (5). We report here the 
isolation of a DNA region that spans the 
fragile sice and the identification of a CpG 
island which appears critically involved in 
the expression of the syndrome. 

Wc have recendy cloned two probes, 
St677 (DXS463) and Do33 (DXS4o5), that 
map within a 3-Mb Not I fragment and that 
flank breakpoints on che X chromosome 
purported to be at or very near the fragile X 
site (5, f>). The distal probe Do33 detects 
abnormal PFGE patterns in mentally retard- 
ed fragile X patients and lies within 120 kb 
of a region important tor the expression of 
the syndrome (5). We have now isolated 
four yeast artificial chromosomes (YACs) 
containing St677, Do33, or both probes by 
direct colony screening (7) or by polymerase 
chain reaction (PCR) screening of YAC 
pools (8). The two larger clones (141H5 
and 209G4) were obtained from the total 
human library of the Centre d'Etude du 
Polymorphisme Humain (CEPH), and had 
been derived from a normal male (9), and 
mapped by PFGE after digestion with rare 
cutting restriction enzymes. Wc also ana- 
lysed the two smaller clones (XY120 and 
XY530), which were obtained from a 
Xq24-q28 library chat had been derived 
from the X chromosome of a fragile X 
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Abstract — A new simple and economical plastic Boyden chamber for in vitro assay 
of leukocytes chemotaxis was devised by the use of a commercially available 
immunoassay plate. Zymosan-activated rat serum, formly-methionyl-ieucyl- 
phenylalantne and leukotriene B 4 caused concentration -dependent migration of 
the leukocytes into the lower chamber. About 50% of the cells loaded in the upper 
chamber migrated into the lower chamber for 80 min at the optimal concentrations 
of the three chemoattractants tested. 



Leukocyte chemotaxis is an important 
aspect of host defense mechanisms. The 
assay method originafiy described by Boyden 
(1) for the measurement of leukocyte 
chemotaxis in vitro had been extensively 
used in accordance with the original method 
or with various modifications (2-6). Although 
the Boyden techniques made powerful con- 
tributions to the studies performed in this 
laboratory on leukocyte chemotaxis (6-10). 
we felt that it was still an urgent matter to 
improve the Boyden chamber to make it 
more economical and reliable, as well as 
more easy to use. The present paper will 
describe a simplified, highly sensitive and 
reproducible modification of the Boyden 
technique for the measurement of leukocyte 
chemotaxis using a new disposable device 
made of plastic. 

A commercially available immunoassay 
plate purchased from Eflab Oy Co.. Finland 
t (Titertec. Microtitration equipment. Flat 
bottom type with 1 2 holes that were each 
7 mm in diameter and 11 mm in depth) was 
used for the lower chambers of the chemo- 
taxis device. Another plate of the same type, 
of which the bottom of the holes had been 
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filed off by us, was placed upon the abovJ j 
described lower chambers to assemble the) 
chemotaxis device (Fig. 1). Between each* 
upper chamber and lower chamber, i g 
polycarbonate filter (11-13 mm in diameter! j 
Nuclepore Corp.. Pleasanton, CA, U.SAj* * 
with pores of 2 #m in diameter was tightly 
sandwiched with the aid of silicon grease? 
(Toray Silicon. Tokyo, Japan) and rubber/ 
bands. Prior to placing the filter on the lower: 
chamber, a test solution (4.2 ml) of chemoat-« 
tractant samples dissolved in RPM 1-1 6405; 
medium (Nissui Seiyaku Co.. Tokyo. Japan) 
was applied into the lower chamber, beingi 
careful to avoid air bubbles. 

In order to collect leukocytes, male rats 
weighing 350-500 g (Sprague-DawIeyC 
strain, specific pathogen free. Charles Rivee 
Japan Inc., Kanagawa, Japan) were injected; 
intraperitoneally with Ca 2f -free Krebs-Ringef 
bicarbonate solution (120 ml/kg body? 
weight) containing 1% casein (Casein nac/r; 



Upper chamber 
( Leukocytes ) 



Filter^: 




Lower chamber 
(Chemoattractant ) 

Fig. 1 . Newly devised Boyden chamber. 
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£fa"mmai*sten, Merck). Fourteen hours later, 
,'fats-were killed by cutting the carotid arteries, 
H Ahd peritoneal fluids were collected and 
Centrifuges at 400 xg for 5 min at 4°C, and 
,;tfie cej] pellet was washed twice with Gey's 
"'"glanced salt solution. Cells were finally 
Suspended in the RPM1-1640 medium at a 
Concentration of 1 *10 7 cells/ml. 
^'Zymosan -activated serum to be used as a 
Inference cytotaxin was prepared by 
■incubating normal rat serum with 10 mg/rnl 
'"zymosan (Zymosan A. Sigma Chemical Co., 
W.Louis, MO. U.S.A.) at 37 B C for 30 min 
^fj'en;-- removing zymosan particles under 
iWrtrifugation. and finally heating at 56'C 
lfpr;30 min. Normal rat serum treated at 56*C 
for 30 min was designated as heat-inactivated 
^seFum. and used as a control serum with no 
fc^ernotactic activity. 

'Softer the cell suspension (0-3 ml) was 
Ihaced in the upper chambers, the chemo- 
liis device was kept at 37*C in a C0 2 
^ybator with 5% C0 2 and 100% humidity 
or 'a snitahle period. Then the fluid in the 
Jpper chamber was decanted away and 
Jeirriaining fluid and cells in the upper chamber 



~ (A) 



(B) 



were completely washed away by blowing 
a jet of water through a pipette. The filter and 
8ntire fluid in the lower chamber were then 
transferred into a test tube and agitated to 
make a cell suspension. Cells adhering on the 
inner surface of the lower chamber were 
detached by blowing a stream of the medium 
through a capped pipette and pooled with 
the above cell suspension. The cell number 
was then counted in a hemocy to meter. 
Migration rate was calculated as follows: 

(Number of leukocytes collected from the 
lower chamber/Number of leukocytes applied 
in the upper chamber) *10O(%). 

The leukocyte suspension was applied in 
the upper chamber charged with 2.5% 
zymosan-activated serum in the lower 
chamber, and then the number of leukocytes 
migrated into the lower chamber was 
determined after the incubation for 40, 80 
and 120 min. The data values obtained were 
(1 .08±0.1 3) x 1 0 9 , (1 60±0.09) * 1 0* and 
(1.66±0.06)*1O 8 cells for the respective 
times, i.e.. the number of leukocytes migrated 
into the lower chamber increased with the 
passage of time up to 80 min and then 




2.S o 



zasc/«) 



irj« ior 9 itr& 

FMLP (M) 



Iff* 




in 



ini 



Dwer chamber * 
lemoaltractant ) 

/ly devised Boyden chamber. 



0.1 02 1 10 
LTB A (ng/ml) 

tfig. 2. Leukocyte chemotaxis in response to various chemoattractants. Boyden chambers were 
[/incubated for 80 min for the cell migration. Each point represents the mean±S.£.iVl. of six determinations. 

in asterisk. (A): Leukocyte 
jrchemotaxis in response to zymosan-activated serum. Zymosan-activated serum was applied to in- 
dicated concentrations in tho lower chambers. Heat-inactivated normal rat serum was supplemented 
Ho adjust final serum concentration below the filter to 2,5%. A group of the lower chambers con- 
pained medium only (□) and another group of the Boyden chambers contained 2.5% of zymosan- 
gctivated serum in both the upper and lower chambers (A). (BJ: Leukocyte chemotaxis in response 
nto FMLP. FMLP dissolved in the medium containing 1% bovine serum albumin was applied in the lower 
chamber. (C): Leukocyte chemotaxis in response to LT8 4 . LTB*. (kindly supplied by Onn Pharmaceutical 
Co.. Osaka, Japan) dissolved in the medium containing 0.2% bovine serum albumin was applied in the 
lower chamber. 
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leveled off. When zymosan-activated serum 
was applied at various concentrations in the 
lower chamber, a dose-response relationship 
in the migration was observed as summarized 
in Fig- 2 (A). Background levels of the 
migration rate observed with 2.5% heat- 
inactivated normal rat serum and the plain 
RPMi-1 640 medium were 1.93*0.27 and 
0.8O±0.1O%. respectively. The migration rate 
at 0.05% zymosan-activated serum was 
2 77i007%, i.e., significantly higher than the 
background levels. When 2.5% zymosan- 
activated serum was applied in both the upper 
and lower chambers, the migration rate was 
4 9±0 9%. while 2.5% zymosan-activated 
serum placed only in the lower chamber 
caused a migration rate of nearly 60% 
Therefore, this assay system was evidently 
capable of detecting the chemotactic activity 
for 0.05% zymosan-activated serum and 
distinguishing chemotactic migration of the 
cells from their random movement. 

In addition to zymosan-activated serum, 
this chemotaxis assay responds sensitively to 
some other chemotactic substances such as 
formly-methionyl-leucyl-phenylalanine 
(ffvILP) and leukotriene B 4 (LTB 4 ) as shown 
in Fig. 2 (B) and (C). Maximal chemotactic 
responses to FMLP and LTB 4 were observed 
at 4.7 ng/ml (IMO" 9 M) and 0.3 ng/ml 
(0.9 x10* 9 M). respectively. These data are 
comparable to those reported by Palmer et al. 

(11). 

Statistical variations of our experimental 
data were small, and sensitivity was enough 
to detect a very low level of chemoattractant 
such as 0.05% zymosan-activated serum, 
whereas the detection limit of Gallin's method 
employing 5; Cr-labeled granulocytes was 
reported to be 0.5% zymosan-activated serum 
(5.12.13). 

In conclusion, the present modification of 
the Boyden technique using a disposable 
plastic device provides a simple, sensitive and 
reliable assay method for our measurement of. 
leukocyte chemotaxis. 
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